Dystroglycan has an important role in binding of perivascular glial end-feet to the basal lamina. Its β-subunit is localized in the glial end-feet. The investigation period lasted from E(embryonic day)12 to E20. Laminin and β-dystroglycan were detected by immunohistochemistry, the glial localization of the latter one was supported by electron microscopy. The immature glial structures were visualized by the immunostaining of nestin. The β-dystroglycan immunoreactivity appeared at E16 following the laminin of basal lamina but preceding the perivascular processes of radial glia (E18) and astrocyte-like cells (E20). It occurred in cell bodies which attached to the vessels directly but not with vascular processes and end-feet. The presence of β-dystroglycan in such immature cells may promote their differentiation to perivascular astrocytes and influence the formation of the glio-vascular processes.
Introduction
The dystroglycan complex has an important role in glio-vascular coupling. 1 It consists of an a-and a β-subunit. The adystroglycan subunit is extracellular and binds laminin and other components of basal lamina. The β-dystroglycan subunit is a trans-membrane protein, which anchors the a-dystroglycan to the cell membrane. Its immunoreactivity delineates the brain vessels, 2, 3 but it is localized in the perivascular glial end-feet. 1, 4, 5 The intracellular end of β-dystroglycan forms a complex with dystrophin and other proteins. The complex anchors aquaporin 4 water channel, Kir 4.1 channel for potassium and signaling systems. 1, 6 The scope of the study was the appearance of β-dystroglycan along the developing rat cerebral vessels continuing our other studies on cerebrovascular dystroglycan. The investigation period lasted from E(embryonic day)12 to E20. The immunofluorescent localization of β-dystroglycan was completed with electron microscopical immunoperoxidase reaction. Immunostaining for nestin was used to visualize the immature glia. [7] [8] [9] The whole prosencephalon was studied but photomicrographs were taken from the dorsoparietal pallium. 
Materials and Methods

Animals
Fixation and sectioning
The embryo brains were fixed by immersion in 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) for a week. Then they were embedded into agarose, coronal sections (50 µm) were cut with Vibratome (Leica VT 1000S) and rinsed in phosphate buffered saline (PBS, SigmaAldrich, St. Louis, MO, USA) overnight.
Fluorescent immunohistochemistry
Floating sections were pretreated with 20% normal goat serum diluted in PBS (90 min). Every steps were followed by rinse in PBS (30 min). The sections were incubated with primary antibodies (Table 1) for 40 h at 4°C (all the other procedures occurred at room temperature). The fluorescent secondary antibodies were produced by Jackson Immunoresearch Lab. Inc. (West Grove, PA, USA): monoclonal anti-mouse labeled with Cy 3 (550/570 nm, red) and polyclonal anti-rabbit labeled with FITC (492/520 nm, green). They were applied for 3 h. Control sections were treated similarly but without primary antibodies. No structure-bound fluorescent labeling was observed in these specimens.
Fluorescent microscopy and digital imaging
High-power photomicrographs were taken with a Radiance-2100 (BioRad, Hercules, CA, USA) confocal laser scanning microscope (488 nm, argon laser and 543 nm, He/Ne laser) whereas low-power ones with a DP50 digital camera mounted on an Olympus BX-51 microscope with Epi-Filter Blocks, Texas Red and FITC (both microscopes from Olympus Optical Co. Ltd, Tokyo, Japan). Digital images were processed using Photoshop 9.2 software (Adobe Systems, Mountain View, CA, USA).
Preembedding electron microscopic immunohistochemistry
In this case 0.5% glutaraldehyde was added to the fixative solution. Immunoperoxidase reaction against β-dystroglycan was performed according to the avidinbiotinylated peroxidase (ABC) method. Endogenous peroxidase was inactivated with 3% H 2 O 2 in PBS (5 min) followed by an intense rinse in PBS (30 min at room temperature). Incubations with 20% nor-mal goat serum and primary anti β-dystroglycan were carried out as above except for that Triton X-100 detergent was reduced to 0.1%. The procedure continued by applying biotinylated anti-mouse serum (1:100) followed by the avidin-biotinylated peroxidase complex (both from Vector Laboratories, Burlingame, CA, USA). Both incubations lasted for 90 min. To visualize the reaction product 0.05% 3,3' diaminobenzidine-tetrahydrochloride (DAB) and 0.01% H 2 O 2 in Tris-HCl buffer (0.05 M, pH 7.4) were used. The reaction was stopped at visual color control by replacing the solution with PBS.
Electron microscopic investigation
Following the immunoreactions areas of the sections were cut under light microscope. Following osmification with 1% osmium tetroxide solution in phosphate buffer (0.1 M, pH 7.4, 30 min) the tissue pieces were rinsed in phosphate buffer and dehydrated through a graded series up to absolute ethanol. Following immersion in propylene oxyde (10 min) the tissue pieces were embedded into epoxy resin (Durcupan, Fluka). Semithin sections were cut with a Reichert Ultracut S ultramicrotome; the proper areas were selected, and the samples were adequately trimmed. Ultrathin sections were prepared with the same ultramicrotome. The photomicrographs were taken by a JEOL 100B electron microscope (at 80 kV) equipped with a Sys Morada digital camera.
Results β-dystroglycan immunoreactivity delineates vessels by E16
At the beginning of the period investigated, at E12-14, no vascular β-dystroglycan immunoreactivity was found ( Figure  1a ) whereas the laminin immunoreactivity delineated the brain vasculature ( Figure  1b) . Most vessels oriented radially interconnected loosely by vessels parallel with the pial surface. The vascular β-dystroglycan immunoreactivity appeared by E16. The vascular pattern was identical with that seen in the case of laminin (Figure 1 c,d) .
Electron microscopic investigation revealed that the product of immunohistochemical reaction against β-dystroglycan was localized in perivascular cell bodies which contacted the vessels directly, cellto-cell. Since nuclei were clearly visible in them, they were not end-feet but cell bodies (Figure 1 e,f) .
The appearance of glial end-feet
Nestin immunoreactivity visualized a dense system of radial fibers. At E16 laminin-immunoreactive vessels only formed scarce side-to-side (en passant) contacts between radial glia and vessels were observed but no glial processes terminated with end-feet on vessels (Figure 2a) . At E18 however, glial processes formed endings along the vessels (Figure 2 b,c) . By E20 the radial glial system became more complex, the vascular processes were generalized and several end-feet contacted the vessels. Nestin immunostaining already revealed scarce astrocyte-like elements which also formed vessel-contact processes (Figure 2d ). At E20 electron microscopy also revealed small profiles (Figure 2e ) interposed between the cell bodies. They contained no nuclei and seemed to be endings of glial processes. They also contained β-dystroglycan immunoperoxidase reaction product.
Discussion β-dystroglycan appears later than laminin and other basal lamina components
Cerebrovascular laminin immunoreactivity was found from E10 by Risau and Lemmon. 10 The β-dystroglycan immunoreactivity appears considerably later. In the absence of dystroglycan, however, the laminin-binding task may also be taken by integrins. 11, 12 It is to be noted that according to recent opinions the main task of the dystroglycan complex is to anchor aquaporin 4 and other channels and receptors in the glial membrane where it contacts basal lamina rather than to fix the cells themselves. 13, 14 Kir4.1 protein was detected at E20. 15 The appearance of aquaporin-4 is dated rather variously, from E16 16, 17 to E21. 18 
β-dystroglycan immunoreactivity appears in perivascular cells lacking end-feet
Some previous studies described that the investment of blood vessels began by vessel-contact cells showing no multibranched morphology. 9, 19, 20 Whether these cells had been committed to astrocyte fate when contacted vessels or just the contact committed them it is not clear. They contained neither nestin nor vimentin, which only appeared during the formation of their multibranchial astrocyte shape. Zerlin et al. 9 supposed that vessels provide signals to promote the elaboration of astrocyte shape. Endothelium-produced bone morphogenetic proteins (BMP) have such effect. 21 Endothelium-produced leukemia inhibitory factor (LIF) promotes astrocyte fate to neuronal one. 20, 22 Weidenfeller et al. 23 found that vessel-contact progenitor cells developed most frequently to astrocytes in cultures. For a recent review see Goldman. 24 Our observations on the process formation are in accordance with the former ones which found vascular processes of radial glia from E17 and cells resembling astrocytes from E19-20.
25-27
Dystroglycan and astrocyte differentation
The appearance of β-dystroglycan is a step of differentiation of perivascular astrocytes, since dystroglycan is a characteristic molecule of these cells. 1 The dystroglycan complex contains GRB2 (growth factor receptor binding protein). 6 It promotes the action of LIF; 22 its absence restricts astrocyte differentiation. 28 The early presence of β-dystroglycan suggests that the vascular processes do not extend from the cell body to the vessels rather they lengthen as the cell bodies are 'pushed' apart by other cells inserted. The dystroglycan-containing parts remain attached to the vessels and transform to end-feet. This type of transition from round vessel-contact cells to end-feet Brief Report bearing ones is demonstrated by Engelhardt 29 (see her Figure 3 ). Knockouts of β-dystroglycan in the GFAP-expressing structures had a detrimental effect on the formation of pial astroglial end-feet. [30] [31] [32] Vascular end-feet, however, were not investigated. In conclusion, β-dystroglycan already appears in immature perivascular cells and may promote their differentiation to astrocytes and influence the formation of glio-vascular processes.
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